Cognitive frailty, defined as the presence of both frailty and cognitive impairment, is a risk factor for adverse events in older adults. However, prevalence rates of cognitive frailty are low (1.1-2.5%), so primary screening is unsuitable in community settings. The aim of the study was to examine whether a new definition of cognitive frailty, which was developed for primary screening, is useful to predict incident dementia in community-dwelling older adults. A total of 4570 older adults participated in the study (2326 women; average age, 71.9 ± 5.5 years). We defined physical frailty as the presence of ≥1 of the following symptoms: slow walking speed and muscle weakness. Cognitive impairment was defined as ≥1 symptom of cognitive impairment, indicated by an age-and education-adjusted score that was ≥1.5 standard deviations below the reference threshold in word list memory, attention, executive function, and processing speed tests. Cognitive frailty was defined as comorbid physical frailty and cognitive impairment. The incidence of dementia was determined using data collected by the Japanese Health Insurance System over 36 months. The prevalence rates of physical frailty, cognitive impairment, and cognitive frailty were 17.5%, 15.3%, and 9.8%, respectively. Cognitive impairment (hazard ratio [HR]: 2.06, 95% confidence interval [95% CI]: 1.41-3.02) and cognitive frailty (HR: 3.43, 95% CI: 2.37-4.97) were found to be significant risk factors for dementia. However, the association between dementia and physical frailty was not significant (HR: 1.13, 95% CI: 0.76-1.69). Individuals with comorbid physical frailty and cognitive impairment could have a higher risk of dementia than healthy older adults or older adults with either physical frailty or cognitive impairment alone.
Introduction
Cognitive decline is associated with physical frailty in older adults [1] , and cognitive impairment and physical frailty are often comorbid conditions in older people [2, 3] . The first definition of cognitive frailty as a condition affecting older adults was provided by the International Consensus Group on Cognitive Frailty, which proposed identification of cognitive frailty as a clinical symptom characterized by the comorbidity of physical frailty and cognitive impairment [4] . The International Association of Gerontology and Geriatrics consensus conference further defined cognitive frailty as reduced cognitive function due to physical or brain disease, or accelerated brain aging in the absence of evident brain disease [5] . In older adults, a series of different subclinical and age-related comorbidities may exacerbate multisystem physiological decline, resulting in homeostatic imbalance [6] . This multidimensional physiological decline, which reflects a nonspecific state of vulnerability, may increase the risk of not only physical frailty but also cognitive impairment.
Several previous studies have investigated the prevalence of cognitive frailty and the association of cognitive frailty with activities of daily living (ADL) [7] or the incidence of dementia [8] in older adults. Previously, we reported that the overall prevalence rate of cognitive frailty was only 1.1% in a cohort of 4072 older adults [8] , and other population-based studies estimated the prevalence of cognitive frailty to be 1.8-2.5% [9, 10] . We considered the criteria of cognitive frailty with low prevalence rates, which increased the risk of false-negative results, to be unsuitable for primary screening in the community.
Many studies use the Fried/Cardiovascular Health Study criteria to define physical frailty, which includes slow gait velocity, low physical activity, weakness, shrinking/weight loss, and exhaustion [11] . In the studies that used the Fried criteria, the presence of cognitive impairment with frailty and prefrailty was associated with increased risk of incident mild cognitive impairment (MCI) or dementia [12] and disability [9] , although prefrailty without cognitive impairment was not associated with increased risk of these adverse events. Furthermore, slow gait and cognitive impairment combined showed a higher risk of incident dementia compared with frailty and cognitive frailty [13] , because slow gait as an individual component of the physical frailty phenotype has been associated with incident cognitive impairment [14] and non-Alzheimer's disease (AD) dementia [15] . Although the questionnaire is relatively quick to administer, a performance-based assessment could determine actual physical capacity and might more accurately predict subsequent disability in community-dwelling older people [16] . Guralnik et al. reported that measures of physical performance may help identify older persons with a preclinical stage of disability who may benefit from interventions to prevent the development of frank disability [17] .
Based on these findings, we developed a new operational definition of cognitive frailty as follows: physical frailty; presence of slow walking speed or muscle weakness; cognitive impairment [18] ; and signs of impairment in word list memory, attention, executive function, or processing speed in the National Center for Geriatrics and Gerontology-Functional Assessment Tool (NCGG-FAT) [19, 20] . This new definition has less stringent criteria than those we previously reported in order to improve its suitability as a primary screening tool [8] . In the present study, we aimed to examine whether a new definition of cognitive frailty, which was developed for primary screening, is useful to predict incident dementia in the community-dwelling older adults, using data from a Japanese national cohort study, the National Center for Geriatrics, and Gerontology-Study of Geriatric Syndromes (NCGG-SGS) [21] . We hypothesized that individuals with cognitive frailty would have higher incidence rates of dementia than healthy older adults or older adults with physical frailty or cognitive impairment alone.
Experimental Section

Participants
The study population comprised 4570 community-dwelling older adults aged ≥65 years old recruited from Obu, Japan, for the NCGG-SGS [21] . The inclusion criteria were residence in Obu and age ≥65 years at the time of examination (August 2011-February 2012, June 2013). Exclusion criteria included a history of AD (n = 140) or Parkinson's disease (n = 18); a Mini-Mental State Examination (MMSE) [22] score <21 (n = 146), which might reflect moderate dementia [23] ; and responses with missing data for the cognitive frailty assessment and other measurements (n = 230). Thus, 534 of the initial 5104 participants were excluded, and data from 4570 older adults were included in the final analysis (2326 women; average age ± standard deviation, 71.9 ± 5.5 years, range 65-97 years).
Operational Definition of Cognitive Frailty
Participants were first divided into two groups: a physical frailty group, comprising participants with slow walking speed or muscle weakness, and a non-physical frailty group, comprising participants with neither slow walking speed nor muscle weakness. Walking speed was measured using a stopwatch. The average of five walking speed times was used as a representative value, with slowness defined according to a cutoff of <1.0 m·s −1 [3, 24] . The European Working Group on Sarcopenia in Older People and Asian Working Group for Sarcopenia-algorithms uses a cut-off gait speed of 0.8 m·s −1 to diagnose sarcopenia in older adults. However, the number of people with a gait speed of <0.8 m·s −1 (4.3%) in our sample of community-dwelling older adults was lower than that of people with a gait speed of >1.0 m·s −1 (15.8%). The cut-off walking speed was 1 m·s −1 , which is the critical point for the prediction of future functional decline in community-dwelling older people according to previous studies [24] [25] [26] [27] [28] [29] . The International Working Group on Sarcopenia criteria [30] and the Sarcopenia, Cachexia, and Wasting Disorders definition [31] set the cut-off walking speed at 1.0 m·s −1 for the diagnosis of sarcopenia. For the above reasons, the cut-off walking speed was set to 1.0 m·s −1 in this study. Weakness was defined according to maximum handgrip strength (kg), determined using a Smedley-type handheld dynamometer (GRIP-D; Takei Scientific Instruments Co., Ltd., Niigata, Japan). Sex-specific cutoff values for maximum handgrip strength to establish weakness were <26 kg for men and <18 kg for women [32] .
Next, we performed cognitive screening using the NCGG-FAT, which comprises multidimensional cognitive tasks to assess (1) memory: immediate and delayed word list memory; (2) attention: trail making test-part A; (3) executive function: trail making test-part B; and (4) processing speed: digit symbol substitution test. NCGG-FAT has been shown to have high test-retest reliability [19] , moderate-to-high criterion-related validity [19] , and predictive validity for dementia [20] in older adults. Participants were given approximately 20 min to complete the tests. Prior to study commencement, the authors trained all staff to correctly administer the assessment measures, with study assistants assessing participants' cognitive functioning in community facilities such as community halls. For all tests conducted in this study, we used established standardized thresholds to define impairment in the corresponding domain in a population-based cohort comprising community-dwelling older adults (score >1.5 standard deviations [SD] below the age-and education-specific means) [3] . Participants without deficits were considered cognitively intact, whereas those with one deficit were considered to have cognitive impairment. We defined cognitive frailty as the coexistence of physical frailty and cognitive impairment [18] . Participants were categorized into the following four final groups: healthy group, physical frailty group, cognitive impairment group, and cognitive frailty group.
Measurement of the Incidence of Dementia
In Japan, all adults aged ≥65 years have one of the following types of public health insurance: health insurance for employed individuals (Employees' Health Insurance), national health insurance for unemployed and self-employed individuals 65-74 years old (Japanese National Health Insurance), or health care for individuals ≥75 years old (Later-Stage Medical Care) [33] . The Japanese National Health Insurance and Later-Stage Medical Care systems were checked on a monthly basis for newly reported cases of incident dementia (AD or other dementia subtypes). Participants were considered to have dementia on the basis of a diagnosis by medical doctors according to the International Classification of Diseases-10. Participants without dementia at baseline and those who were diagnosed with dementia over a 36-month follow-up period according to Japanese Health Insurance System data were considered to have incident dementia.
Potential Confounding Factors
Dementia may be due to several factors occurring together over an extended period of time. Demographic variables, chronic medical conditions, lifestyle, psychosocial factors, and functional limitations are associated with the incidence of dementia in older adults [5, 34] . The multivariate models for examining dementia in the present study included the following covariates: older age; sex; education level; chronic medical illnesses; medications; living alone; currently smoking; no or infrequent exercise; not being engaged in paid work; subjective memory complaints; depressive symptoms; enrolled in the Japanese-certified, public, long-term care insurance system and requiring support or care; and the inability to perform basic daily living tasks such as eating, grooming, bathing, walking, and climbing stairs. The following self-reported chronic medical illnesses were also entered into the following models: heart disease, pulmonary disease, hypertension, hyperlipidemia, diabetes mellitus, osteoarthritis, stroke, and depression. The Geriatric Depression Scale-15 (GDS) was used to assess depressive symptoms [35] .
Statistical Analysis
We used analysis of variance, Student's t test, and the χ 2 test to detect significant differences in baseline characteristics according to frailty status and differences between participants with and without incident dementia. Participants who moved away or died during the follow-up period were excluded from univariate analyses for comparison of dementia status (n = 4401). The χ 2 test with adjusted standardized residuals was used to determine whether cognitive frailty significantly affected the incidence of dementia. Residuals followed the t distribution, with t > 1.96 accepted as indicating p < 0.05 and t > 2.56 accepted as indicating p < 0.01.
We calculated the cumulative dementia incidence rate during the follow-up period according to participants' baseline frailty status. Intergroup differences were estimated using the log-rank test. To analyze associations between cognitive frailty and incidence of dementia, we used Cox proportional-hazards regression models. We also used a multiple adjustment model that was adjusted for demographic variables, primary diseases, lifestyle, and psychological variables as possible confounding factors. Adjusted hazard ratios (HRs) for dementia incidence and their 95% confidence intervals (95% CI) were estimated. All analyses were performed using IBM SPSS version 24.0 (IBM Japan, Tokyo, Japan). In all analyses, p < 0.05 was considered to indicate statistical significance.
Results
The healthy, physical frailty, cognitive impairment, and cognitive frailty groups accounted for 2630 (57.5%), 796 (17.4%), 703 (15.4%), and 441 (9.6%) of the total study population, respectively (Figure 1) . Dementia was diagnosed in 241 participants (5.3%); 42 participants (0.9%) moved away from Obu, and 127 participants (2.8%) without dementia died during the follow-up period. The healthy, physical frailty, cognitive impairment, and cognitive frailty groups had dementia prevalence rates of 2.7%, 5.4%, 6.1%, and 18.8%, respectively (Figure 1 ). Residual analyses indicated that, among all four groups, the cognitive frailty group had the higher proportion of participants with incident dementia (all p < 0.01), while the healthy group had the lowest proportion of participants with incident dementia (all p < 0.01). Possible confounding factors for dementia in participants grouped according to frailty status are shown in Table 1 . Significant differences were observed among the four groups (i.e., the healthy, physical frailty, cognitive impairment, and cognitive frailty groups) with regard to age, sex, education level, heart disease, hypertension, diabetes, osteoarthritis, stroke, medications, living alone, currently smoking, exercise habit, engaging in paid work, subjective memory complaints, GDS score, certified long-term care insurance, and functional limitation. Significant differences were also noted between participants with and without incident dementia for age, sex, education level, heart disease, pulmonary disease, hypertension, stroke, depression, medications, living alone, exercise habit, engaging in paid work, subjective memory complaints, GDS score, and certified long-term care insurance ( Table 2) . The dementia survival rates according to the four groups are shown in Figure 2 . Kaplan-Meier analysis and log-rank tests revealed that the proportion of patients with dementia was significantly higher in the physical frailty, cognitive impairment, and cognitive frailty groups than in the healthy group (p < 0.001). The incidence rate of dementia was also significantly different between the cognitive frailty and physical frailty groups (p < 0.001) and between the cognitive frailty and cognitive impairment groups (p < 0.001). However, no significant difference in the incidence of dementia was observed between the physical frailty and cognitive impairment groups (p = 0.602). The associations between frailty and the incidence of dementia were analyzed using Cox proportional-hazards regression models (Table 3 ). In the fully adjusted model, HRs and 95%CIs were 1.13 and 0.76-1.69, 2.06 and 1.41-3.02, and 3.43 and 2.37-4.97 for the physical frailty, cognitive impairment, and cognitive frailty groups, respectively, compared with healthy participants. No significant association was found between physical frailty and dementia incidence. Older age, female sex, history of stroke, subjective memory complaints, and higher GDS score were positively correlated with the incidence of dementia in older adults. 
Discussion
In this prospective study, dementia risk was significantly associated with cognitive impairment and cognitive frailty, and the participants with cognitive frailty had a higher HR than those with cognitive impairment. Several studies in patients with MCI investigated the relationship between cognitive impairment and incident dementia, revealing that measures of episodic memory [36, 37] , semantic memory [37, 38] , and executive function [39, 40] predict conversion to dementia. These results suggest that multi-domain cognitive tests, such as those examining general cognitive function, memory, and executive function, are useful for assessing dementia risk in older individuals. Many computer-based test batteries have been either developed or already used to screen for cognitive decline in elderly individuals [41] . The NCGG-FAT, administered as an application that runs on an electronic tablet, consists of memory, attention, executive function, and processing speed domains. All of the NCGG-FAT tests have well-established standardized thresholds to define cognitive impairment in the corresponding domain for population-based cohorts consisting of community-dwelling older adults. Validated test batteries such as the frailty criteria or NCGG-FAT, used for early detection of the risk for physical and cognitive decline, could help identify and possibly delay the onset of dementia in both community and clinical settings.
In the present study, the association of dementia risk with both cognitive impairment and cognitive frailty remained significant after adjusting for age, sex, education level, depressive mood, and chronic medical illnesses. The dementia incidence risk in the cognitive impairment and cognitive frailty groups was 2.1 and 3.4 times as high as that in the healthy group, respectively. The results of the multivariate analyses showed clearly that individuals with comorbidity of physical frailty and cognitive impairment have a higher risk of dementia than healthy older adults or older adults with either physical frailty or cognitive impairment alone. The observations presented here are consistent with those of previous prospective studies indicating that older adults with motoric cognitive risk syndrome, a disorder with a similar definition and treatment to cognitive frailty, are at higher risk for incident dementia, especially incident vascular dementia [42] .
Neuropathologically, AD is known to include brain regions involved in motor control, such as the substantia nigra, primary and supplementary motor cortices, and striatum. Furthermore, diffuse striatal plaques have been shown to occur relatively early in the progression of AD pathology [43] . A clinicopathological study indicated that physical frailty proximate to death was correlated with the level of AD pathology on postmortem examination, and the association was similar in persons with and without dementia. These findings raise the possibility that AD pathology may contribute to frailty, or that frailty and AD pathology share a common etiopathogenesis [44] . For instance, previous studies have indicated that risk factors for cardiovascular disease and common vascular diseases, which are prevalent and can lead to physical and cognitive decline, are significantly correlated with frailty [45] and AD [46] . Moreover, increased levels of inflammatory markers such as C-reactive protein and proinflammatory interleukins are also common and have been implicated in frailty [47] , cognitive impairment [48] , and AD [49, 50] .
Control of these diseases may be important in preventing cognitive frailty in older adults. Physical frailty and cognitive decline are also associated with genetic factors, as well as environmental conditions such as nutrition, activity, and sleep [6, 51] . Additionally, multifactorial and multilevel interventions addressing physical and cognitive domains, such as diet, exercise, cognitive training, and vascular risk monitoring, may be useful for identifying and possibly delaying dementia among older adults, especially among those with cognitive frailty [52, 53] . Thus, health-care providers are advised to perform physical, as well as cognitive, assessments to evaluate dementia risk and to deliver health-care services targeted at high-risk individuals, especially in cognitively frail older persons. Further research is required to identify novel candidate biomarkers, which are necessary for early detection of physical frailty and cognitive impairment.
This study has several limitations. First, participants were not recruited randomly, which may have resulted in underrepresentation of individuals with physical frailty and cognitive impairment, because the participants were healthy enough to receive health checkups in their community. Second, we could not exclude individuals with dementia at baseline, except for those with AD; however, older adults with baseline MMSE score <21 were excluded from the study. Third, we did not collect data about dementia subtypes such as AD, vascular dementia, dementia with Lewy bodies, and frontotemporal dementia; therefore, inferences could not be made regarding correlations between frailty and dementia pathology. Fourth, we were unable to verify medical records and asymptomatic aberrant behavior for some participants. Fifth, information about participants' medical conditions and comorbidities were collected via self-reports, and we were unable to confirm these data, because we did not have access to their medical records. However, a previous study showed that self-reported medical conditions were well-correlated with actual medical diagnoses [54] . Finally, according to previous systematic review [55] , the prevalence of frailty based on the Fried criteria among older people ranged from 4% in a United States study to 27.3% in a Spanish study. The other systematic review identified that the prevalence of frailty in individual studies ranged 4.6% to 9.5% in Japanese cohort studies [56] . The results suggested that Asian cohorts are likely more homogeneous than European or American cohorts, accordingly, this research must be interpreted in light of these results.
This study also has several strengths. First, our findings are consistent with comprehensive geriatric assessments designed to identify frailty and cognitive impairment. To the best of our knowledge, this is the first Asian study to examine correlations between cognitive frailty and the incidence of dementia in a large, population-based sample. Our results indicate that individuals with comorbid physical frailty and cognitive impairment have a higher risk of incident dementia compared with both healthy older adults and older adults with either physical frailty or cognitive impairment alone.
Conclusions
Cognitive frailty was defined as comorbid physical frailty and cognitive impairment. We characterized physical frailty as ≥1 symptom of slow walking speed and muscle weakness. Cognitive impairment was defined as ≥1 symptom of cognitive impairment, indicated by an ageand education-adjusted score that was ≥1.5 SD below the reference threshold. The incidence of dementia and cognitive impairment was significantly correlated with that of cognitive frailty; however, the association between dementia and physical frailty was not significant. The multivariate analyses showed clearly that individuals with comorbid physical frailty and cognitive impairment have a higher risk of dementia than healthy older adults or older adults with either physical frailty or cognitive impairment alone. Our results suggest that comprehensive functional assessment, including frailty phenotype and cognition, can help identify dementia risk in older adults.
